We analyse consent patterns and consent bias in the context of a large general household survey, the 'Improving survey measurement of income and employment' (ISMIE) survey, also addressing issues that arise when there are multiple consent questions. Using a multivariate probit regression model for four binary outcomes with two incidental truncations, we show that there are biases in consent to data linkage with benefit and tax credit administrative records held by the Department for Work and Pensions, and with wage and employment data held by employers, and also in respondents' willingness and ability to supply their National Insurance Number. The biases differ according to the question considered, however. We also show that modelling consent questions independently rather than jointly may lead to misleading inferences about consent bias. A positive correlation between unobservable individual factors affecting consent to DWP record linkage and consent to employer record linkage is suggestive of a latent individual consent propensity.
Introduction 1
Multi-topic general household surveys increasingly seek informed consent from respondents in order to gain additional data, through direct measurements, by collecting bio-medical samples, and by linkages with administrative records. The supplementary data yield substantial research benefits, but the process of seeking informed consent raises a number of issues. The first is that attempts to gain consent -which are likely to bring issues of privacy and confidentiality into the minds of respondents -may lead to higher rates of item non-response and also, in a longitudinal survey, to future sample drop-out. A second issue is whether respondents who provide consent (and for whom the supplementary data are available) are sufficiently representative of the sampled population: do consent procedures introduce a form of selection or 'consent bias', compromising external validity? Analysis of these issues has been largely confined to medical and epidemiological studies; there are few studies of consent patterns in multi-topic or non-health surveys (as we discuss below). But one might expect consent patterns to differ between types of study. For example, a respondent may perceive that health-focused studies are likely to provide greater benefits to him or her personally, by contrast with requests for data linkage for non-health purposes for which the expected benefits to consent are more diffuse.
Multiple consent questions are common nowadays, and this introduces additional issues that have not been analysed before. Some consent and related questions are only asked if some other consents have been given or some other condition has been satisfied, and so analysis of patterns of response to the later questions need to account for potential sample selection biases ('incidental truncations') introduced by differential response to the prior questions. (See Heckman (1976 , 1979 for discussion of the general issues.) Moreover, because multiple consent questions are a form of repeated measure, one may examine whether each observed predictor has the same effect on each type of consent, or indeed whether unobserved individual effects influencing consent are correlated and thence suggestive of a latent individual propensity to consent.
In this paper we provide new analysis of consent patterns and consent bias in the context of a large social survey without a health focus -the 'Improving survey measurement of income and employment' (ISMIE) survey. The issues raised by having multiple consent questions and the complications introduced by question routing are also addressed. To do this, we use novel statistical methods, proposing a multivariate probit model for four binary outcomes with two incidental truncations. Our model could be applied in a number of contexts besides the current one.
We show that there are some consent biases in ISMIE survey respondents' consent to data linkage with benefit and tax credit administrative records held by the Department for Work and Pensions, and with wage and employment data held by employers, and also in respondents' willingness and ability to supply their National Insurance Number (a unique personal identifier) to facilitate the matching with the government agency data. The biases differ according to the question considered, however. We also argue that modelling consent questions independently rather than jointly may lead to misleading inferences about consent bias. Correlations between unobservable individual factors affecting consent to DWP record linkage and consent to employer record linkage provide evidence suggestive of a latent individual consent propensity.
In Section 2, we review existing literature on consent patterns and consent bias. The ISMIE survey and its consent questions are described in Section 3. In Section 4, we set out a multivariate probit model for multiple consent outcomes that accounts for multiple incidental truncations. Results are presented in Section 5. First we document consent patterns for the sample as a whole and for subgroups. We present estimates from our proposed model, and compare them with those derived from independent probit regressions in order to assess the magnitude of potential biases. Our findings are summarised and their implications discussed in Section 6.
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Previous research on patterns of consent and consent bias
Much of the previous research on patterns of consent has been on epidemiological and other health studies. The major concerns have been that requirements for informed consent may reduce survey response rates (and imply a need to increase sample sizes), and that consent rates may not be uniform among respondents, thereby introducing a form of 'consent bias'
into analyses based on the subsample of consenting respondents (Dunn et al. 2004 ). For example, among the reasons for an unexpectedly low response rate to a large prospective follow-up study of the psychosocial health of the Finnish working-age population in 1998, Korkeila et al. (2001) cited a suspicion of written consent and a connection being made between the individual and the registers mentioned on the consent form. Angus et al. (2003, p. 21) conclude that 'the requirement of a separate, prior consent stage may significantly reduce overall survey response rates and necessitate the use of substantially larger initial samples for population surveys'. In the seven British general population health surveys analyzed by Dunn et al. (2004) , consent to follow-up was given by 75%-95% of respondents under age 50 years, with similar rates for consent to review of medical records. Other health studies suggest that it is the timing and method of eliciting consent that matters for response, rather than consent per se: see, for example, Nelson et al. (2002) and Silva et al. (2002) .
Consent bias has been reported in a number of recent health studies. (For discussion of various methods to adjust for consent bias, see Smith et al. (2004) .) For example, the US study by Jacobsen et al. (1999, p. 330) concluded that 'laws requiring written authorization from patients for research use of medical records can result in substantial biases in etiologic and outcome studies'. Woolf et al. (2000) found in their survey of medical clinic patients, that older patients and those in poorer health were more likely to give permission to be surveyed at home and for their medical records to be reviewed. The authors concluded that '[q]uality and health services research restricted to patients who give consent may misrepresent outcomes for the general population ' (2000, p. 1111) . The largest epidemiological study, based on seven UK general population health surveys covering some 25,000 respondents (Dunn et al. 2004) , stated that '[m]ales, younger people, and subjects reporting the symptom under investigation were more likely to give consent, and these groups may be over-represented in follow-up samples or reviews of medical records ' (2004, p. 1087) . Differential rates of consent to follow-up for a special survey of sexuality were reported by Dunne et al. (1997) , though they Discussion Papers 490 2 Previous research on patterns of consent and consent bias also comment that the differences 'should not seriously compromise population estimates' (Dunne et al. 1997, p. 844) . Although Dunn et al. (2004) had two consent questions in the majority of their seven studies, they analyzed the responses to each question separately rather than jointly.
Multiple consent questions are now common in multi-topic or non-health studies. For example, the English Longitudinal Survey of Ageing (Marmot et al., 2003) seeks consent in order to collect samples of blood and DNA source material, to record height, weight and grip strength, and to link in information about respondents' National Insurance contributions, benefit, and tax credit records held by government agencies. It also requires consent to link information from hospital episode statistics and from mortality and cancer registration records. The US Health and Retirement Study (Juster and Suzman, 1995) requires consent to collect earnings and benefits data from Social Security Administration files, and health insurance and pension data from respondents' employers. In the UK Millennium Cohort Study (Dex and Joshi, 2004) , prior consent is required in order to obtain data from hospital episode statistics and birth registration records, and for the linkages to school records for cohort members and their siblings that are planned for future survey sweeps. The ISMIE survey, analysed in the rest of the paper, is an example of a study without a health focus. Informed consent was used to facilitate linkages with administrative records about benefit and tax credit records held by government agencies, and about earnings and employment data held by employers -the linked records were the basis of a measurement validity study.
Analysis of consent rates and consent bias is rare in multi-topic surveys, however. Gustmann and Steinmeier (1999), Haider and Solon (1999), and Olson (1999) considered how successful the Health and Retirement Study (HRS) has been in matching Social Security administrative records to respondents. (Linkage was conditional on consent and provision of a Social Security Number to facilitate matching.) The overall linkage rate was 75%, with some variations by sex, ethnic group, and household net worth, for example. These were viewed as 'not huge', however, and Haider and Solon concluded that the sample with linked earnings data was 'reasonably representative ' (1999, p. 6) . However, as Olson (1999) makes clear, the absence of an HRS matched record could arise for several reasons in addition to respondent refusal to provide consent: consent forms that were not personally signed could not be used, some forms arrived too late to be used, and some respondents were unable to provide Social Security Numbers (SSNs). In sum, there appears to have been no analysis of patterns of consent to There have been several US experimental studies concerned with, first, assessing respondents' understanding of consent questions and the risks that they perceived to be associated with them and, second, examining the impact of respondents' concerns about privacy and confidentiality on survey response rates and consent propensities (see the surveys by Singer 1993 Singer , 2003 . Singer et al. (2003) showed that greater concerns about privacy and confidentiality were associated with lower participation rates in the decennial Census, according to three measures of participation. Guarino et al. (2001) found that requests for SSNs were associated with a small but significant decline in mail response to Census 2000 and a higher probability of a returned form being incomplete. Singer's (2003) experimental study based on the Survey of Consumer Attitudes showed that the greater the concern about willingness-to-participate questions, the lower the probability of survey participation. And, among those who said that they would be willing to participate, those who perceived the studies as more threatening were less likely to sign a consent form. Issues of incidental truncation arising from the focus on those willing to participate were not addressed. 89% of the eligible sample. The ISMIE questionnaire was the same as that given to the main BHPS sample in Autumn 2002, except that some short modules were added for the purposes of the methodological work, and some others (e.g. about health) were excluded in order to minimize total respondent burden and to economise on survey costs. Computer-assisted personal interviewing (CAPI) was used. The ISMIE survey has several advantages for the topics addressed in this paper. The sample size is relatively large, and compares favourably with the experimental studies by Singer (2003) and Singer et al. (2003) . The questionnaire covers many topics and provides a large amount of information about respondents and, moreover, the longitudinal nature of the study means that information from previous interview waves can also be utilised. Having multiple consent questions -strictly speaking, two consent questions and a NINO-supply questionmeans that we can examine whether each process is determined in the same way, and whether there is evidence of a latent consent propensity.
Although the ISMIE survey does not provide a representative cross-section sample of the UK tion. Everyone who gave consent was then asked to tell the interviewer their NINO, with respondents being asked to consult a payslip or other records such as a pension or benefit book or NINO card. Respondents who gave oral consent also signed a form confirming consent.
Finally, all individuals who had worked in the previous week for an employer (i.e. excluding the self-employed) were told that another part of the research checking the accuracy of the data collected involved contacting employers for some details about the 'current job, pay, and conditions'. These respondents were then asked whether they would give us permission to contact their current employer. Individuals who gave oral consent also signed a form confirming consent, and employer contact details were collected from them.
Of the 1,033 ISMIE respondents, 799 (77.4%) gave permission to match their benefits and tax credit data with records held by the DWP (hereafter 'DWP consent'). Of the 799 consenting respondents, 708 (88.6%) were willing and able to supply their NINO. Of these, 477 (67.4%) derived the NINO from a payslip or other document like a pension payment book. A further 218 (30.8%) did not consult records but were certain that the number given was correct. Of the 1,033 ISMIE respondents, 434 (42.0%) were in employment and therefore were asked for consent to contact their employer for record linkage purposes (hereafter 'employer consent'). Among the subgroup asked the question, 254 respondents (58.5%) gave consent, and all bar one provided employer contact details.
In sum, there were two consent questions (about DWP and employer record linkage) plus a NINO supply question, and two of these questions were asked only of a subset of respondents. This design raises questions of whether there is consent bias (whether consent propensities differ systematically among respondents), whether the nature of any bias differs accord- The model specification is shown in detail in Table 1 , equations (1)- (5). We propose a fourvariate probit regression model with two outcomes incidentally truncated. It is an extension of the bivariate probit model with sample selection proposed by Van de Ven and Van Praag (1981) .
Consistent with the literature reviewed in Section 2, we define consent bias to occur if there is a systematic association between respondent characteristics and consent, specifically if there are elements of each β, γ, or θ that differ significantly from zero. We can also examine whether the same characteristics affect each outcome similarly. (The vectors summarising predictors W i , X i , and Z i , have many common elements: see below.) We are also interested in the magnitudes of any consent biases, and examine these later with analysis of how predicted consent probabilities vary with differences in characteristics. The estimates of ρ bn and ρ em are informative about the relevance of incidental truncation: it is ignorable only if both are zero.
Finally, if having controlled for differences in observed characteristics, the estimate of ρ bm is significantly positive, then arguably there is evidence of a general latent consent propensity. the non-linearities in functional form, the over-identification restrictions concerning the exclusion of the instruments (and hence their validity) can be tested. An alternative sufficient identification condition would be to constrain the cross-equation correlations to zero from the outset, in which case each of the four equations could be estimated using a univariate probit regression model -the single-equation approach adopted in earlier research on patterns of consent (see Section 2). We argue below that this restricted model can be rejected in favour of the model shown in Table 1 , and we use comparisons of estimates and predicted probabilities from the two models to illustrate how the different models lead to different conclusions about patterns of consent.
Eqn. Outcome Latent propensities Observed binary outcomes For each respondent i = 1, …, N:
where Ω is a symmetric matrix with typical element ρ rs = ρ sr for r, s ∈ {b, n, e, m} and r ≠ s, and ρ rr = 1, for all r. The errors in each equation are assumed to be orthogonal to the predictors. Notes. I(.) is the indicator function equal to one if its argument is true, and zero if false. N 4 (.) is the four-variate normal distribution function.
The sample likelihood and the partial likelihood estimator
In the survey data, each individual may fall into one of four regimes, where the regimes correspond to the cells of cross-tabulation of the binary outcomes for DWP consent (B i ) and employment (E i ). If we drop the individual-specific subscript i for clarity's sake, define a set of index variables k T = 2T -1 for T ∈ {B, N, E, M}, and represent the q-variate standard normal distribution function by Φ q (.), then the likelihood for an individual with B = 0 and E = 0 (regime 1; N and M unobserved) is
If, instead, B = 0 and E = 1 (regime 2; M = 0 or 1, N unobserved), the likelihood is
If B = 1 and E = 0 (regime 3; N = 0 or 1, M unobserved), the likelihood is
and if B = 1 and E = 1 (regime 4; all outcomes observed), the likelihood is
The contribution to the overall sample log-likelihood for any given individual is therefore
The 1 We evaluated multivariate standard normal distribution functions using simulation methods based on the GHK simulator (Gourieroux and Monfort, 1996, 93-107) with 250 random 
The choice of predictors
The set of predictors of DWP consent, NINO supply, and employer consent -the elements of W i , X i , and Z i -included controls for the respondent's sex, age (summarised using a linear spline with knots at 25, 40, 50, and 60), household composition (six household types), and geographical location (whether living in London and the South-East).
In addition we used predictors summarising differences in respondents' willingness and ability to provide consent. Our choice of variables was influenced by literature on consent and on survey non-response more generally. (See e.g. Groves et al. (1992) , and Esser (1993) on rational choice theory and Tourangeau et al. (2000) on cognitive approaches. Schräpler (2003) provides a useful review.) We seek a measure of differences between respondents at each stage of the response process: understanding the particular question asked, processing and retrieving the information required to answer the question, and responding to the interviewer.
Differences in cognitive and other (e.g. physical) factors may have effects at each stage. Particularly relevant for consent questions are perceptions of risk (Singer 2003) . Administrative record linkage involves access by third parties to intimate personal information, potentially raising issues in respondents' minds about invasion of privacy and risk of disclosure to unauthorized persons. Respondents differ in the extent to which they perceive these issues and in how they react to them. Respondents may be more likely to consent if they recognize a social benefit arising from the questions (the consent questions' preamble drew attention to the importance of data quality for policy users of the data), and if they have developed rapport and trust with interviewers.
The ISMIE survey contains a relatively rich set of variables related to these issues that we were able to use, also exploiting the longitudinal nature of the survey. There are measures of the respondent's educational qualifications and of their household income. For example, one might suppose that educated individuals are more likely to perceive the social benefits of consent and so have higher consent rates. One might expect consent propensities to decline with income, given the commonly expressed view that income information is particularly sensitive. We have measures of whether the respondent has any self-assessed health problems (14 types relating to sight, hearing, skin conditions, chest/breathing, stomach/digestion, diabetes, anxiety and depression etc., alcohol or drugs, epilepsy, migraine, cancer, stroke, other), and whether there were any interviewer-assessed problems affecting the interview (any one of six types: eyesight, hearing, reading, English, language, and interpretation).
We expect respondents with partial response in previous interviews -specifically those with any item non-response to income questions -to be less likely to give consent. We also used length of the previous interview as a predictor: controlling for interview problems, we supposed that having a long interview reflected greater rapport with the interviewers or survey process, and hence increased propensity to consent or to supply a NINO. (It is sometimes argued that a change in interviewer between waves of a longitudinal survey disturbs respondents' rapport with the survey. In our preliminary modelling, this variable was never a statistically significant predictor, and so was dropped.)
DWP consent and NINO supply rates were expected to differ between respondents who had been in receipt of means-tested benefits or tax credits and those who had not. 
Patterns of consent
Patterns of response to each outcome variable are shown in Table 2 for the sample as a whole (row 1) and broken down by respondent characteristics (the remaining rows). The statistics in parentheses are p-values from a Pearson test of independence in a two-way table. Table 2 suggests that DWP consent rates were significantly lower among respondents who were aged 40-49 years, or single householders, or who had relatively short previous interviews or problems with that interview. This is prima facie evidence of consent bias. Among those who gave DWP consent, there appears to be little significant cross-sample variation in propensities to supply a NINO, with the exception that rates are noticeably lower among those subject to proactive dependent interviewing, or living in travel-to-work areas with the largest unemployment/vacancy ratios. There was also little cross-sample variation in employer consent rates among those respondents who were employed, with the exception that the consent rate was markedly lower among respondents with item non-response to income questions at the previous interview. There is also indicative evidence that consent proclivities are correlated. Among those who provided employer consent, 90.0% provided DWP consent and supplied a NINO. Among employees who gave DWP consent, 63.7% supplied a NINO and gave employer consent; among non-employees who gave DWP consent, 88% provided a NINO.
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These summaries are suggestive but cannot be conclusive. Many respondent characteristics are correlated, and one cannot discern the separate impact of each one holding others constant. Moreover, the breakdowns do not provide good estimates of correlations in unobserved consent propensities or, more generally, take into account potential biases due to incidental truncation. To address these issues, we turn to the estimates of our multivariate probit regression model.
Multivariate probit regression model estimates
Wald tests of instrument validity indicate that our model is identified. A sufficient condition for identification is rejection of the null hypothesis that the relevant coefficient is equal to zero in the case where instruments were included in an equation, and non-rejection of the null in the equation from which the instruments were excluded. Respondents moving into IS receipt were more likely to give consent to DWP record linkage (χ 2 (1) = 8.50, p = 0.004) and the slacker the labour market in which respondents lived, the less likely they were to be an We assess the existence and magnitude of consent biases through analysis of the variation of predicted probabilities of consent outcomes with variations in respondent characteristics.
Specifically, we summarise our model estimates in terms of the marginal effects associated with each regressor. Each marginal effect (ME) in the DWP consent equation, for example, shows how the probability of DWP consent changes given a one unit change in the associated regressor (a change from zero to one for binary indicator variables), calculated at the sample values of the predictors in that equation. For the NINO supply equation, the MEs refer to the probability of NINO supply conditional on DWP consent, and for the employer consent equation, they refer to the probability of employer consent conditional on employment. For both conditional probabilities, the probability of the conditioning event is held constant at the value dictors. The ME calculation method is described in more detail by Cappellari and Jenkins (2004, p. 604) and Stewart and Swaffield (1998, p. 39) .)
Our use of the probability metric to assess consent bias differs from that of other researchers.
Most have estimated logistic regression models and considered the variation in odds ratios associated with changing values of a particular categorical variable. (See e.g. Dunn et al. (2004) and Woolf et al. (2000) .) We believe that examination of variations in probabilities rather than odds ratios is preferable because the probability metric is more intuitive and easily understood. It also allows us to straightforwardly examine the effects of changes in the values of continuous variables as well as categorical ones, and we can derive the probabilities from our multi-equation model. This provides a reference point for assessing whether the MEs are large or small.
Estimated MEs are reported in
The estimates indicate that there are systematic and statistically significant associations between respondent characteristics and consent outcomes, i.e. there is consent bias. Moreover the nature of the biases depends on the question asked. Consider the effects of differences in age, for example. The relationship between age and probability of DWP consent is broadly V-shaped (after a slight rise between the ages of 16 and 25), and the effects are relatively large. For example, the DWP consent probability declines by more than one percentage point per year between the ages of 25 and 39, other things being equal, or 15 percentage points over the interval compared to a baseline average probability of 0.79. In contrast, the probability of NINO supply varies hardly at all with age, apart from a small decline for those aged 60+. And there is no statistically significant relationship with employer record linkage consent propensities.
Household composition is strongly associated with DWP consent rates, less strongly associated with employer consent rates, and not significantly associated at all with the NINO supply rate. For both consent questions, it is single respondents who have the lowest consent probabilities and 'other' households who have the largest consent probabilities. However for DWP consent, lone parents have a lower consent propensity than respondents in a couple, whereas for employer consent, it is the reverse. The MEs in the DWP consent and employer consent equations are all substantial, being at least eight percentage points in the former case, and at least 16 percentage points in the latter case.
Respondents who had had health problems are less likely to supply a NINO but more likely to grant employer consent, and there was no association with DWP consent propensities. Respondents assessed as having problems with the previous interview were very much less likely to provide DWP consent (the ME is a massive 29 percentage points), but those who had established greater rapport (as measured by the length of the previous interview) were more likely to consent. Neither factor had an impact on NINO supply or employer consent propensities, however. On the other hand, respondents with past item non-response on income were much less likely to provide employer consent (the marginal effect is a 25 percentage point reduction), but this characteristic did not affect NINO supply or DWP consent propensities.
NINO supply propensities, and those propensities only, were lower for respondents with responses to income and employment questions from the previous interview fed back to them (the proactive dependent interviewing experimental group). We cannot distinguish whether the effect arises because feeding forward makes the request for additional information via record linkage appear of less importance, or because the request raises perceptions of potential loss of privacy and disclosure in future. 
Comparisons of predicted probabilities
To answer this question, we compared estimates of predicted probabilities for a range of (hypothetical) individuals with different characteristics. (The calculations also enable us to comment further on the magnitude of consent biases: see below). The predictions are summarized in Table 4 , with the numbers in the columns headed 'Joint' derived from the four-variate joint model and the numbers in the columns headed 'Indep.' derived from independent probit regression models. The top panel of Table 4 indicates how the probabilities vary with age, the middle and bottom panels indicate how they vary with household composition and a range of other characteristics (holding age constant).
The two modelling approaches produce very similar predictions for the probability of DWP consent and the probability of NINO supply conditional on DWP consent: corresponding estimates are mostly within one or two percentage points of each other. These results are not surprising given that the estimate of ρ bn was insignificantly different from zero.
Discussion Papers 490 5 Analysis of patterns of consent Tables 1 ('Joint' ) and 2 ('Indep.'). *: And female, lived outside London & SouthEast, no A-levels, no health problems, median income, not receiving means-tested benefits, no new IS claim, median interview duration, no interview problems, no income item non-response, independent interviewing, median local unemployment/vacancy ratio.
For the predicted probabilities of employer consent conditional on employment, more substantial differences are apparent. For example, at ages 25-40 and 50-70, the predicted probability from the four-variate probit model is more than five percentage points higher than Discussion Papers 490 5 Analysis of patterns of consent 25 that from the independent probit model. This result should be assessed with caution given the relatively large standard errors associated with the underlying coefficients (see Table 3 or   Appendix Table 1) . Differences between models persist, however, when one focuses on statistically significant predictors. For example, the predicted conditional probability of employer consent is around 0.83 for a 20 year old respondent living with two other adults according to the general model (case 16) but almost ten percentage points lower, 0.74, according to the independent probit regression. A 20 year old single person with past income item nonresponse has a predicted conditional employer consent probability of 0.26 according to the general model (case 22), but some eight percentage points higher according to the independent probit regression.
These relatively large differences suggest that estimates based on independent probit regressions can lead to misleading estimates in comparison with a more general model that accounts for incidental truncation.
More on the magnitude of consent biases
The predicted probabilities also provide an additional perspective on the magnitude of consent biases, complementing that provided by the marginal effects. We focus on the estimates derived from the general model and variations associated with statistically significant predictors. Look again at Table 3 (columns headed 'Joint').
Variations in characteristics are associated with large differences in predicted probabilities. For example, the probability of DWP consent is about 0.43 at age 40 for a single childless woman (case 5) but some 50% higher, 0.66, if she were aged 70 instead (case 11). A woman aged 20 has a predicted probability of 0.57 if she is single, but 0.77 if she is part of a childless couple, and even higher, 0.86, if she is a member of a three-adult childless household (cf. cases 2, 12, and 16). Among the other cases, two stand out. First, among 20 year old women with a partner and one child, those with no previous interview problems have a predicted DWP consent probability of 0.75 compared to a predicted probability of only 0.43 if there had been problems (cf. cases 13 and 21). Second, the predicted probability is notably higher for those who previously received means-tested benefits: 0.83 compared to 0.75 (cf.
cases 21 and 13). In the other cases (17-20, 22-25) the variation from the baseline predicted probability is small. Belonging to a childless multi-adult household is associated with a five percentage point smaller probability of NINO supply conditional on DWP consent (cf. cases 16 and 1).
For a 20 year old married women with one child, those who had health problems have a conditional probability of NINO supply some five percentage points lower than those without health problems, other things being equal. And having been subject to proactive dependent interviewing rather than independent interviewing is associated with a decline in the predicted probability of about the same amount.
There are some relatively large consent biases in employer consent conditional on employment. Compare, for example, a probability of 0.30 for a 20 year single person living alone and a probability of 0.83 for a 20 year old living in a three-adult childless household, other things being equal (cf. cases 1 and 16). Among married 20 year olds with one child, those with previous income item non-response have a predicted conditional employer consent probability of 0.26 which is almost half the corresponding probability for a woman with income item non-response (cf. cases 13 and 22).
Overall, these estimates suggest that consent biases can be large, though their nature depends on the outcome considered. For example, consent biases in conditional NINO probabilities are generally smaller than consent biases in DWP consent probabilities. The characteristics associated with bias vary with outcome too, with the exception of household type which is associated with relatively large biases in each case.
Summary and conclusions
This paper has analysed patterns of consent and consent bias in the context of a large general household survey; most previous studies have focused on consent bias in the context of surveys focusing on health. We have drawn attention to the potential issues that are raised by multiple consent questions and the complications introduced by question routing; previous research has considered consent questions separately rather than jointly. To address these issues, we proposed a multivariate probit model that controls for incidental truncations.
We have shown that there are consent biases in survey respondents' consent to data linkage with benefit and tax credit administrative records held by the Department for Work and Pensions, consent to linkage with wage and employment records held by employers, and also in respondents' willingness and ability to supply their NINO. This means that samples of consenting respondents may not be representative of the population being studied -the conclusion from several studies of consent bias in health surveys also applies in general house- Our results also highlight how survey researchers might take steps to reduce consent biases in future. We have shown how propensities to provide consent are associated with Discussion Papers 490 6 Summary and conclusions
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clearly observable characteristics such as household type. And, in the context of a longitudinal survey, we have seen how information about the previous interview is informative about consent responses in the current interview. For example respondents with problems at the previous interview were very unlikely to provide consent to DWP record linkage. This sort of information could be used to identify respondents with low consent propensities, and develop modified consent question modules for this group. This could be thought of as an extension of the idea of 'tailoring' the request for survey participation to the circumstances and concerns of sample members (Groves et al. 1992; Morton-Williams 1993) .
side the research team. Taking part in this study will not affect your benefit or tax credit entitlements or dealings with any Government Departments now or in the future".
IF ASKS HOW THE LINK WILL BE DONE "To link the information from the Department for Work and Pensions and Inland Revenue with your answers, we shall pass them your name, address, sex and age. These personal details will be removed as soon as the information has been linked". Note. Respondents who provided verbal consent were also asked to signed a form confirming the consent, with separate signature for each of the DWP and employer linkage questions.
